Tick-borne encephalitis (TBE), a zoonotic arbovirosis caused by tick-borne encephalitis virus (TBEV), is an increasing public health concern. Infections result in neurological symptoms in humans and the virus has rapidly expanded to new geographical areas. Three subtypes are currently present in different parts of Europe and Asia. The virus is transmitted by ticks, mainly Ixodes spp., between small mammals such as rodents, which serve as virus amplifying hosts. Humans are infected sporadically, either by a tick bite or by ingestion of infected milk or milk products. Other mammals (e.g. ruminants) can also be infected, but most of the time do not show clinical signs. In contrast to rodents, other wild and domestic mammals probably play only a very small direct role in maintaining TBEV in an area, but they might play an important role as hosts in sustaining a large tick population. Therefore, the virus prevalence and the occurrence of TBE can be influenced by several environmental, genetic and behavioural factors associated with the virus, the vectors or the hosts, and understanding these factors is essential for implementation of effective control measures. This article reviews virus characteristics and the epidemiological and clinical aspects of TBEV infections and examines pathogenesis, diagnostic approaches and control measures.
, S. Hägglund (2) , M. Juremalm (1) , G. Blomqvist (1) , L. Renström (1) , S. Zohari (1) , M. Leijon (1) & J. Chirico (1) ( (1) . The number of clinical cases varies considerably between years. Whereas vaccination campaigns have resulted in a drastic decrease in the incidence of TBE in the last 15 years in some areas of Europe, the disease has expanded in other areas, such as in Scandinavia, Austria, Germany and Switzerland (1) . Due to the growing public concern about this disease, the European Union (EU) has decided to include TBE on the list of notifiable diseases for humans in the EU (2) . The annual fluctuation in the number of clinical cases in endemic areas and the continuous emergence of TBE in new areas provide evidence that different factors affecting vectors and hosts have a great impact on the spread of the disease and its prevalence. Global warming, intercontinental trade and travel, and political changes influencing human behaviour all affect the ecological equilibrium between vector and hosts. Better understanding of the complex epidemiological cycle of TBEV is necessary for the identification, monitoring and control of this virus.
Classification and virology
Tick-borne encephalitis virus belongs to the Flaviviridae family and the Flavivirus genus. Within this genus, several groups can be distinguished based on the vector and/or the host, and, within each group, species are defined based on virus characteristics (e.g. genomic, antigenic, geographic, ecologic, vector, host) and associated clinical disease (3).
Tick-borne encephalitis virus is a virus species that belongs to the mammalian tick-borne virus group and the TBEV serocomplex (4) (Fig. 1 Unrooted maximum likelihood phylogeny from complete polyprotein sequences of representative flaviviruses A guide tree was constructed using the Unweighted Pair-Group Method Using Arithmetic Mean (UPGMA) and the Whelan and Gold (WAG) substitution rate model was used. The robustness of the tree was assessed using 1,000 bootstrap replicates. All branches were supported by more than 90% of the replicates except the Gadgets Gully node (74%) and the Saumarez Reef/Meaban node (42%) far-eastern Russia and some areas in north-eastern Europe and has I. persulcatus as its principal tick vector -the Far Eastern subtype (formerly Russian springsummer encephalitis virus), which is endemic in far-eastern Russia and in forest regions in China and Japan and has I. persulcatus as its principal tick vector.
Tick-borne encephalitis was first described in 1931 in Austria (5) and first isolated in 1937 in Russia (6) . Like other flaviviruses, TBEV is a spherical, enveloped, positivesense, single-stranded RNA virus. It is approximately 50 nm in diameter (3). The capsid is formed by a single structural protein (protein C) and contains a non-segmented RNA genome of approximately 11,000 nucleotides, which codes for three structural proteins and seven nonstructural proteins. The virus envelope that surrounds the capsid contains two viral structural proteins: protein M (membrane), which is derived from a cleaved precursor (PrM), and protein E (envelope). Protein E is the main component of the viral surface and plays a key role in post-infection protection by inducing virus-neutralising antibodies (7) . The virus life cycle and the roles of different viral proteins are extensively reviewed by Mansfield et al. (2009) (8) .
Antigenic and genetic variability
The degree of genetic and antigenic variability is low between TBEV strains. In a comparative study of gene sequences coding for protein E, the maximum degree of genetic variation between strains within subtypes was 2.2% at the amino-acid level and a maximum difference of 5.6% was detected between the three subtypes, which is in the range of variation reported for other flaviviruses (9, 10) . Antigenically, protein E is also very conserved within and among subtypes, leading to a very close antigenic relatedness and the induction of cross-protection among subtypes (11) .
Epidemiology
Tick-borne encephalitis virus is endemic in central, northern and eastern Europe, Russia, and the Far East, including Mongolia, the northern part of China and Japan (12) . The virus has been reported in 28 countries around the world and the highest incidence of clinical cases is reported in the Baltic countries, Slovenia and the Russian Federation (13, 14) . However, the disease incidence in some of these countries is low because a large part of the population is vaccinated (e.g. Austria) or because TBE is present only in limited areas (14) . In countries where the virus is present, the distribution of the cases of clinical disease is very patchy. The risk of being infected following a tick bite varies from 1/200 up to 1/1,000, depending on in which geographic area the bite occurred (15) .
Worldwide, the number of clinical cases of TBE is estimated to be between 10,000 and 12,000 a year (16) and in Europe more than 3,000 human TBE cases are hospitalised each year (17) . Moreover, a large proportion of TBEV infections are not diagnosed (18) . Of the 30 countries of the European Union/European Free Trade Association, 20 have implemented a surveillance system for TBE. Eighteen of these countries carry out comprehensive surveillance and 16 list TBE as a notifiable disease (19) . In general, there has been an increase in the number of human clinical cases during recent years; however, strong fluctuations and decreases in clinical disease have also been observed (13, 20) . This may be explained by the simultaneous spread of the virus into new geographical areas due to changes that favour tick or host reservoirs, A large population of roe deer supported the maintenance of a large tick population. Following harsh winters, the roe deer population decreased and simultaneously the bank vole population, which is a reservoir of TBEV, strongly increased. This host became an important feed source for immature ticks, which, subsequently, increased the probability of TBEV infection. Finally, the unusually warm and humid weather in the summer and autumn of 2011 favoured the transmission to humans who were spending more time outdoors.
More than 14 species of ticks can be infected by TBEV, but I. ricinus ( Fig. 3 ) and I. persulcatus are the principal vectors of the Western European subtype and the Siberian and Far Eastern subtypes, respectively (12) . However, in Finland, the Western European subtype has also been detected in I. persulcatus (23) (Fig. 2 ). Other ticks have also been identified as vectors of TBEV. In the Republic of Korea, Haemaphysalis longicornis, H. flava and I. nipponensis are potential vectors, since 0.06%, 0.17%, and 2.38% of these ticks, respectively, were infected by the Western European subtype of TBEV (24) . Furthermore, 10.8% of Dermacentor reticulates were also found to be infected with TBEV in eastern Poland (25) .
The prevalence of infected ticks varies between regions. In Europe, the TBEV prevalence in I. ricinus varies between 0.1% and 5% in unfed ticks and increases with stage development (1, 26) . In some foci (e.g. Slovakia and the Baltic countries), the prevalence has reached 26.6% in I. ricinus and more than 37% in I. persulcatus in certain years (27, 28) . In Hungary, on the other hand, TBEV prevalence in I. ricinus ticks was 0.08% for unfed nymphs and 0.78% for feeding larvae (29) .
Ticks are vectors as well as reservoirs of TBEV and they can carry the virus throughout their life (Fig. 4) . Therefore, the virus can be transmitted by larvae, nymphs or adult ticks. However, the nymph seems to be the most important stage for virus transmission due to the large population of this stage (15) . Tick saliva contains analgesic, anti-inflammatory and anti-coagulant substances that enable the tick to feed without being noticed (30) . The virus is transmitted to ticks by feeding on infected hosts or by co-feeding close to an infected tick (probably a major route). It can also be transmitted transovarially from an infected female to egg (occurs at low frequency) (17) and, possibly, through sexual interaction (1) . The maintenance of TBE in an area Transmission and maintenance of tick-borne encephalitis virus in the tick vector and its hosts Ticks become infected with TBEV mainly while feeding at early developmental stages (larvae, nymph) on an infected rodent or insectivore, either through co-feeding beside an infected tick or through the presence of high levels of virus in the blood of the animal. The virus persists throughout the succeeding developmental stages of the tick and transmits transovarially from adult to egg. Whereas large mammals and birds sustain infected and susceptible tick populations, these animals are poor TBEV transmitters due to low levels of viraemia. However, although tick bites remain the major source of human infection, unpasteurised milk products from infected ruminants may transmit TBEV to humans necessitates a host population that has a high and prolonged viraemia, which favours tick infection, or a host population that maintains a large number of ticks. Transmission between ticks through co-feeding is particularly important for maintaining the virus when host viraemia is slight or of short duration, or when the host has TBEV-specific immunity (31, 32) .
The transmission of TBEV by ticks is closely linked to the tick biology and is also dependent on the ecosystem. For example, the life cycle of I. ricinus lasts two to six years and each stage takes on average one year (15) . Tick activity (development, feeding, movement, etc.) starts when the temperature reaches greater than 5°C and there is a sufficient degree of humidity (92% is optimal). In temperate climate zones this occurs in spring or the beginning of the summer, depending on the latitude, and goes on until the end of the summer or the autumn. Peak activity occurs at the beginning and at the end of this period (33) . In some warmer areas (e.g. the southern Mediterranean region) ticks are mainly active between November and January (34) . Ixodes ricinus can feed on more than 300 different species of wild and domestic mammals, birds and reptiles (15) . This diversity of potential hosts allows maintenance of the tick population in a large range of environmental conditions. Among host vertebrates, susceptibility to TBEV varies from species to species. Some have a high viraemia and thus play a major role in the transmission of TBEV to ticks; for example:
-rodents (Apodemus, Myodes, Micrototus, Micromys, Pitimys, Arvicola) -insectivores, e.g. hedgehogs (Erinaceus europaeus) and moles (Talpa europea) -wild carnivores, e.g. young foxes (Vulpes) (15) .
Some rodent species, such as the red vole (Myodes rutilus), can serve as a reservoir host by means of a prolonged viraemia and possibly by vertical virus transmission to offspring (35, 36) . Moreover, the bank vole (Myodes glareolus) can carry live virus in its brain for five to six months (37, 38) .
Other animal species with low or absent viraemia following TBEV infection will participate indirectly in the maintenance of the virus by hosting ticks (e.g. bats, cattle, goats, roe deer, chamois, hares, pigs and some birds) (12, 39) . In a limited number of cases some accidental hosts (e.g. humans, sheep and dogs) can develop high viraemia, but since these cases are limited they do not play an important epidemiological role in TBEV transmission (40) . The seroprevalence in dogs and horses is nonetheless high in certain areas and sometimes clinical signs can be observed following infection (41, 42, 43, 44, 45, 46) . It is not clear whether TBEV infects cats, despite their regular contact with both ticks and infected rodents. Cats seem to be quite resistant to a closely related virus, the Powassan virus (47) . Birds may be infected, but their role as a reservoir is unclear (48, 49) . Nevertheless, the virus might be spread across long distances by infected ticks carried on birds or by infected birds themselves (49, 50, 51) .
Humans are incidental hosts. Infection may occur via the bite of an infected tick or through consumption of unpasteurised TBEV-infected milk, since the virus is highly resistant to the acidity of the stomach (52) . Raw milk and cheese made of unpasteurised milk can be sources of transmission (27, 53, 54, 55, 56, 57) . This type of transmission has been reported in Albania, Hungary, Latvia, Lithuania, Poland, Russia and Slovakia, but not in western Europe. In cattle and small ruminant herds the seroprevalence can vary between 1.1% and 42.8% (58) . Even though the viraemia is low and of short duration, virus can be detected in milk up to 18 days post infection (59) . In some countries where TBE is present (e.g. Sweden), the increasing number of small-scale producers who sell unpasteurised milk and milk products presents an increased risk of virus transmission. Anecdotal reports of other transmission routes have been summarised by Suss (1).
To identify TBEV-infected areas, different vertebrate species (such as ruminants, dogs, foxes and rodents) have served as sentinels and have been monitored for presence of TBEV-specific antibodies, either in sera (15, 58, 60) or in milk (Valarcher et al., in preparation). These methods are preferable compared to virus detection in ticks since the prevalence of infected ticks is often low.
Clinical signs
Tick-borne encephalitis virus is a major cause of infection of the central nervous system (CNS) in humans and can cause clinical disease in all ages, but infection is often more severe in adults and the elderly (17, 61) . The clinical symptoms of TBEV infection are biphasic (12, 17, 18) . The incubation time is between two and 28 days, with an average of seven days. The viraemic phase, which lasts between two and eight days, is characterised by flu-like symptoms with a slight temperature increase, headache, tiredness, aching back and limbs and nausea. Thereafter, there follows a period without clinical symptoms and, in one-third of patients, a second phase of disease occurs, characterised by a sudden onset of fever. During this stage the virus spreads to the CNS and causes anorexia, fever, headache, vomiting, photophobia and sometimes sensory changes, visual disturbances, paresis, paralysis, or even coma. Other symptoms include hyperkinesis of the limbs and face muscles, lingual tremor, convulsions, and paresis of the respiratory muscles. Death might occur as soon as one week after the onset of clinical disease.
In 10-20% of patients with severe disease, chronic neuropsychiatric or nervous sequelae are observed, such as depression, lack of concentration, or paresis of the face or limbs due to chronic myelitis or encephalitis (8 (40) . Although sparse, reports exist of TBE in horses with clinical signs including poor general condition, anorexia, ataxia, sudden cramps, seizures, and paralysis of the neck and shoulder muscles (41, 43) . Dogs will also occasionally develop fever and clinical signs from infection of the CNS. Infections with TBEV are probably underdiagnosed in this animal species (44, 63) .
Immune response
Mammalian host cells have several defence strategies against viral infections. At the local site of infection TBEV induces an innate and adaptive immune response. However, this virus has developed different strategies to block the host innate immune response allowing efficient replication of the virus in the primary infected cells (64) . For example, the protein NS5 appears to be a type I interferon (IFN) antagonist that acts, possibly, by inhibiting the JAK/STAT signalling pathway, as demonstrated by Langat virus, which makes the infected cells resistant to type I IFN (65, 66) . In addition, the double-stranded TBEV RNA is located in intracellular membrane vesicles of infected cells, which delays the induction of type I IFN (66) . Nevertheless, proinflammatory cytokines such as tumour necrosis factor (TNF) alpha, interleukin (IL)-1 alpha and IL-6 are detected in the cerebrospinal fluid (CSF) after infection, followed by low levels of IL-10 (67, 68). Several chemokines with an attractive effect on lymphocytes have also been detected in the CSF (69, 70) and might be at the origin of the immunopathogenic mechanisms associated with TBEV infection (71) .
Adaptive immune responses are detectable in blood and CSF and consist of TBEV-specific neutralising and nonneutralising immunoglobulin (Ig)M and IgG antibodies (72) , as well as CD4+ T lymphocytes (protein E and C-specific) and CD8+ T lymphocytes (73, 74, 75) . Tickborne encephalitis virus-specific neutralising antibodies have an important role in protection against the high viraemia required for passage of the virus across the bloodbrain barrier into the CNS, while the cellular immune responses are required for virus clearance from the CNS. However, these cellular responses might also contribute to pathology, as described below.
Pathogenesis
After a tick bite, TBEV replicates first in dermal cells and then in Langerhans cells, macrophages and neutrophils (31) . Recognition of the virus by the innate immune system leads to migration of dendritic cells (DC) to the primary site of infection. These cells are activated after TBEV infection and bring the virus to a regional lymph node via the lymphatic system. Similarly, when TBEV is ingested in milk, replication occurs, probably initially in epithelial gut cells, before transmission to DC (76) .
After a new phase of replication in DC, macrophages and, possibly, T lymphocytes (76, 77) , viraemia occurs and the virus spreads to other organs, in particular the reticuloendothelial system (spleen, liver and thymus). High virus titres are necessary for the virus to pass through the bloodbrain barrier (78) . Thus, TBEV is characterised by a low neuro-invasiveness (79) . Nonetheless, in patients with insufficient titres of TBEV-specific neutralising antibodies to prevent CNS infection, neurons are clearly the targets of the infection and virus replication causes nervous lesions and symptoms due to an inflammatory process, cellular lysis, necrosis and apoptosis, as well as cellular dysfunction (12, 79) .
The infection of neurons leads to migration of microglia and TBEV-specific T lymphocytes to the CNS and, more specifically, to the grey matter. The cytotoxic T-lymphocyte response is essential for virus clearance but may also lead to immunopathogenesis by targeting infected neurons (71, 75) . In human lethal cases, meningitis and polioencephalomyelitis are localised in the spinal cord, brainstem and cerebellum and are associated with inflammatory and lymphocytic cell infiltrations (79) .
Diagnosis
In humans, clinical suspicion needs to be confirmed by laboratory diagnosis since the clinical symptoms are not specific enough to diagnose TBEV (61) . During the first clinical phase, the virus and its RNA can be detected by isolation in cell culture and by reverse-transcription polymerase chain reaction (RT-PCR), respectively, in the blood or in the CSF (80, 81, 82, 83) . Multiplex PCRs have also been developed to distinguish TBEV subtypes (84) . In later stages of the disease, the virus may no longer be detectable in body fluids (80, 85) , but rather may be detected in tissues collected post mortem (72, 81) .
At the end of the first clinical phase, in the second clinical phase when the virus has been neutralised, or retrospectively, testing for TBEV-neutralising antibodies or TBEV-specific IgM and IgG antibody is preferred (80) . IgM antibodies appear in sera between zero and six days after the occurrence of nervous signs, which corresponds to two to three weeks after the infection. These antibodies peak four to five weeks after the infection and are absent after seven weeks (80, 86) . IgM can also persist for a long time after vaccination and this needs to be taken into account when making a diagnosis (80, 87) . TBEV-specific IgG antibodies start to appear at the same time as IgM antibodies, reach a plateau after seven to eight weeks (87) and often persist for life. Both IgM and IgG antibodies appear ten days later in CSF than in serum.
In animals, except dogs and horses, TBE diagnosis is usually not performed, since clinical signs following infection have not been frequently reported. However, commercial indirect enzyme-linked immunosorbent assays (ELISAs) for detection of TBEV-specific IgG and IgM antibodies are available in veterinary medicine. These assays can be used to detect TBEV-specific antibodies in many species due to cross-antibody recognition by protein G (88) . The cut-off in these tests varies between species and has been defined for horses, cattle, sheep, goats, pigs, mice, dogs, rabbits and monkeys based on virus-neutralising titres in control sera (88) .
Cross-reactivity of antibodies is a problem in humans (89) . Following infection by or immunisation against other flaviruses (e.g. yellow fever virus, Japanese encephalitis virus or dengue virus), IgG antibody cross-reactions can occur in the ELISA (80) . Therefore, a significant increase of TBEV-specific antibodies needs to be detected at a twoweek interval or the results need to be confirmed by a virusneutralising test that is more specific (80) . Alternatives to indirect ELISAs (e.g. immune complex ELISA) have been observed to be highly specific and useful for avoiding misinterpretations of the immunity of people exposed to various flaviviruses (90) . In animals, cross-reactions occur between TBEV-specific antibodies and West Nile virus in a competitive ELISA, and, moreover, antibodies directed against looping-ill virus can neutralise TBEV (58).
Treatment and prevention
No specific treatment is available against TBEV infection (91) . Antiviral therapy is not used as treatment when neurological signs are observed since the virus has already disappeared (61) . Specific immunoglobulin therapy post TBEV exposure has been tried, but was stopped after a report of aggravated clinical signs following administration (92, 93) . Therefore, when clinical signs are observed in humans, treatment is mainly symptomatic and based on non-steroidal anti-inflammatory therapy (61) . For patients in a coma or with breathing difficulties, reanimation treatments are implemented (17, 61) .
The control of TBEV is mainly based on the prevention of infection by preventing transmission from ticks or food products (e.g. pasteurisation of milk) and by active immunisation of populations at risk. To be cost-effective, targeted control measures need to be based on knowledge of the virus prevalence. This can be achieved by searching for the presence of the virus in ticks; however, the virus prevalence in ticks is often low and such studies are therefore expensive (94) . Another possibility is to determine seroprevalence in the host species, such as goats, sheep (94, 95) , dogs (96) or wildlife (97) , but this requires extensive collection of samples since the seroprevalence can be very low. A promising strategy is to analyse bulk tank milk of dairy herds for the presence of TBEV-specific antibodies. Attempts to control TBE by decreasing the tick population using dichlorodiphenyltrichloroethane (DDT) were made in the former Union of Soviet Socialist Republics (USSR). However, not only did this practice pose risks to public health and the environment, it was also unsuccessful (98) . A safer and more efficient method of prevention is to wear protective clothing, use a tick repellent and check for the presence of ticks and remove them (12, 99) .
In a risk zone, active immunisation by vaccination is the best way to prevent disease (14, 89) . There are at least five commercial inactivated vaccines on the market in Europe: two in Germany and Austria (each of which exists in an adult and a junior formulation), two in Russia and one in China (100). In Europe, vaccines contain one European strain (Neudofl or K23 isolated from the I. ricinus tick in 1971 and 1975, respectively) . In Russia, they contain Far Eastern strains (Sofjin isolated from a patient brain in 1937 or strain 205 isolated from I. persulcatus in 1973), and in China the vaccine contains a Far Eastern strain (isolated from a patient brain in 1953) (100) . The vaccines are produced with similar methods: the virus is propagated in cell culture (e.g. primary embryo fibroblasts), inactivated in formalin or formaldehyde, and the purified antigens are adjuvanted with aluminium hydroxide. Naive patients need three to four vaccine injections to be fully immunised and vaccination needs then to be repeated every three to five years according to the type of vaccine and the age of the patient (89) .
Whereas adverse reactions to European vaccines directed against Western TBEV are now limited to local reactions (redness/pain) and sometimes fever, more adverse reactions are observed with the Russian vaccines (89) .
Previously, strong adverse reactions were similarly observed against European vaccines, including fever and, in some cases, convulsions, nausea and headache (101) . These complications were associated with the induction of TNF alpha and IL-1 beta and are avoided by using human instead of bovine serum albumin, increasing the concentration of sucrose as stabiliser and by formulating a junior vaccine that contains only half the quantity of antigens compared to the adult formulation (101, 102) . Western TBEV vaccines have been shown to have a good safety profile and induce good protection that can last at least five years after the fourth injection (89) .
Due to the low degree of genetic variation between TBEV, vaccines based on European and Far Eastern strains induce good heterologous protection even though the vaccine strains were collected quite a long time ago (11, 103) . Crossprotection against Siberian strains by vaccines containing Far Eastern or European strains seems to occur (104) , but can vary from optimal to partial protection depending on antigenic differences and vaccine composition (e.g. payload and adjuvant), which necessitates regular evaluation (100).
Vaccination can give very good results when applied following an appropiate protocol. Indeed, in Austria, which had the highest TBE incidence in central Europe before implementation of mass vaccination in 1981, the incidence is now estimated to be 0.88 per 100,000 inhabitants, and 86% of the population is vaccinated (105) . Furthermore, vaccine efficacy is high because 96-99% of people who are regularly vaccinated, and even 90% of those who are irregularly vaccinated, are protected (20) . It is believed that mass vaccination in Austria has prevented around 4,000 cases of TBE and 15 to 30 deaths (20) .
No vaccines are currently available on the market for animals. Resumen La encefalitis transmitida por garrapatas, que es una arbovirosis zoonótica, suscita crecientes problemas de salud pública. El virus causante de esta infección provoca síntomas neurológicos en el ser humano y viene extendiéndose con rapidez a nuevas áreas geográficas. Ahora mismo hay tres subtipos presentes en distintas partes de Europa y Asia. Las garrapatas, principalmente del género Ixodes, son el vector de transmisión del virus entre pequeños mamíferos, como roedores, que ejercen de anfitrión amplificador. Esporádicamente se produce la infección humana, ya sea por picadura de una garrapata o por ingestión de leche o productos lácteos infectados, puesto que otros mamíferos (como los rumiantes) también pueden resultar infectados, aunque pocas veces muestren signos clínicos. A diferencia de los roedores, otros mamíferos salvajes y domésticos tienen seguramente muy poca intervención directa en el mantenimiento del virus en una zona, pero en cambio podrían cumplir una función importante como hospedadores para sostener una población cuantiosa de garrapatas. De ahí que la prevalencia del virus y la aparición de encefalitis transmitida por garrapatas puedan verse influidas por varios factores de tipo ambiental, genético y de comportamiento correlacionados con el virus, los vectores o los hospedadores, factores que por lo tanto es esencial conocer y entender para aplicar medidas eficaces de lucha. Los autores pasan revista a las características del virus y los rasgos epidemiológicos y clínicos de la infección y examinan su patogénesis, así como los métodos de diagnóstico y las medidas de lucha contra ella.
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